Objectives-Olfactory meningiomas are rare benign tumours and represent about 12% of all basal meningiomas. Anosmia is thought to be among the first symptoms, even though patients often present with headaches or visual problems. However, so far no detailed physophysical tests of olfactory function have been performed in a large number of those patients. Methods-Twelve patients (five men, seven women; mean age 52 years) with olfactory meningiomas were examined. In all patients extensive preoperative and postoperative lateralised olfactory testing was performed using the "SniYn' Sticks" test battery, a psychometric testing tool. In eight cases the meningioma was lateralised (five left, three right), in four patients a bilateral meningioma was found. In addition to a detailed ear, nose, and throat examination MRI was performed in all patients. Results-In preoperative testing six patients were found to be anosmic on the side of the tumour, two were hyposmic. Four patients were normosmic. Postoperative investigations showed lateralised anosmia in four patients on the operated side, three were normosmic on the contralateral side and one hyposmic. The remaining eight patients were completely anosmic postoperatively. Conclusions-(1) Contrary to expectations, olfactory testing seems to be of little help in detecting olfactory meningiomas. (2) The likelihood of normal postoperative olfactory function contralateral to the tumour was high when the tumour was less than 3 cm in diameter and preoperative normosmia had been established. (3) Preservation of olfactory function ipsilateral to the tumour seems to be extremely diYcult, irrespective of tumour size or surgical approach. (J Neurol Neurosurg Psychiatry 2001;70:218-221) 
Olfactory groove meningiomas are rare, benign intracranial tumours. In histological series they represent 8%-18% of all intracranial meningiomas in histological series. [1] [2] [3] Meningiomas are said to arise from arachnoid cap cells, which are specialised cells in arachnoid granulations. 4 5 They account for about 20% of all intracranial tumours and grow slowly and usually remain clinically undetectable during the early stages. 6 Therefore they are often of considerable size when patients present to the neurosurgeon. 7 8 Even though unilateral or bilateral olfactory dysfunction is supposed to be the earliest symptom only a few patients are aware of olfactory loss. Most patients present with headache, visual disturbances, loss of intellectual functions, or memory disturbances. 8 9 However, investigations of olfactory function in a larger group of patients are lacking so far. We therefore present a series of 12 patients with olfactory groove meningioma who underwent extensive testing preoperatively and postoperatively using a standardised test battery. Moreover, we were interested in a possible correlation between olfactory function and size of the tumour.
Methods
We examined 12 patients, five men and seven women, with a mean age of 51 years (range 21-71) who presented to the hospitals between 1998 and 2000. Tumour diagnosis was performed in all patients by means of MRI examination. All patients were operated on via frontal or bifrontal craniectomy in the neurosurgery departments of the hospitals.
In five patients the tumour was localised on the left side, in four on the right, and in four patients the tumour was found bilaterally. Tumour size ranged from 2 cm to 5.5 cm in diameter. Preoperatively all but one patient received both a complete ear, nose, and throat examination (including nasal endoscopy to exclude mechanical obstruction of the olfactory cleft) and lateralised testing of olfactory function. Postoperative examination was performed after 2 to 12 weeks; it included nasal endoscopy and lateralised olfactory function tests.
The psychophysical testing of olfactory function was performed using the "SniYn' Sticks" test battery. [10] [11] It consists of tests for odour threshold, discrimination, and identification. Odorants are presented using plastic pens, similar to felt tip marking pens, that are either filled with undiluted or a liquid solution of the odorant. The pens are presented in front of either nostril or in front of both nostrils.
ODOUR THRESHOLD
A single staircase method employing a forced choice paradigm is used. The pens contain dilutions of n-butanol in 50% dilution steps (highest concentration of n-butanol 4%). In addition, two blanks are presented. The patient has to decide which pen smells diVerent. Identifying the odorant correctly in two successive trials triggers a reversal of the staircase. The mean of the last four of seven staircase reversal points is used as the threshold estimate. The maximum score is 16, the lowest is 0.
ODOUR DISCRIMINATION
The patient sniVs three pens, two containing the same odorant and one containing a diVerent one. In this triple forced choice paradigm patients are asked to identify the pen that smells diVerent. The scores range from 0 to 16. Throughout both threshold and discrimination tests the patient is blindfolded.
ODOUR IDENTIFICATION
Sixteen pens with common odours are presented and have to be identified from a list of four items each. Scores range from 0 to 16.
SCORING
Scores from the three subtests (threshold, discrimination, identification) were added to receive the TDI score ranging from from 0 to 48. A TDI score smaller than 16 is defined as functional anosmia, a TDI score smaller than 31 as hyposmia. 12 In two patients chemosensory evoked potentials were recorded postoperatively in response to lateralised stimulation. Using an olfactometer (OM 2b, Burghart, Wedel, Germany), a continuous airstream with controlled temperature (36.5°C) and constant humidity (80%) was directed into the nasal cavity. For olfactory stimulation pulses of H 2 S stimuli (2-6 ppm) were embedded in the constantly flowing airstream, the trigeminal stimulant CO 2 (66% v/v) was used as a control (stimulus duration 200 ms, interstimulus interval 40 s). Twenty stimulus linked records were averaged to obtain chemosensory evoked potentials recorded from three midline positions (Fz, Cz, Pz). 13 
Results
Complete removal of the meningioma was achieved in all cases. Postoperative outcome was succesful in 11 patients; one patient died on the second postoperative day due to untreatable increase of intracranial pressure. Eight patients had unilateral tumours and four had a bilateral tumour.
According to the psychophysical tests of olfactory function preoperatively four patients were found to be normosmic on both sides ( fig  1) . Two patients were hyposmic on both sides (TDI scores right/left 26/22; 25/22). Six patients had anosmia ipsilaterally to the tumour, four of them were completely anosmic, two had contralateral hyposmia or normosmia. In two patients it was possible to keep the olfactory tract at the side of the tumour anatomically intact during the operation. Despite this, both patients were postoperatively anosmic on this side. When following up one of these patients for a period of 24 months anosmia ipsilateral to the tumour was still present. The four patients with bilateral anosmia had a large bilateral tumour, whereas all others had a lateralised tumour (table) . The two patients in whom chemosensory evoked potentials were recorded had a postoperative normosmia on the contralateral side, and anosmia on the side of the tumour, respectively. One patient is described in more detail: CASE 1 A 41 year old woman had recurrent vertigo. No olfactory loss, headache, mental disorder, or visual symptoms were reported on questioning. Examinations for vertigo included MRI; it disclosed a right sided frontal tumour suspected to be an olfactory meningioma (fig 2) . The vertigo was classified later as benign positional vertigo. Preoperative olfactory testing indicated bilateral normosmia; postoperatively she had contralateral normosmia and ipsilateral anosmia when tested 6 weeks postoperatively. This was despite the surgical preservation of both olfactory bulbs and tracts. Preoperative chemosensory evoked potentials showed responses to left and right sided stimulation with both olfactory and trigeminal stimuli. Postoperatively olfactory responses were not present on the operated side (fig 3) .
Discussion
About 8%-18% of all intracranial meningiomas are olfactory meningiomas.
1 Growth is usually slow. Due to their localisation they often reach a very large size (>4 cm) 14 before the diagnosis is made. 8 15 Although anosmia is thought to be an early symptom, surprisingly few patients complain of olfactory dysfunction. This may be due to the fact that (1) the decline in olfactory function is gradual, similar to what is seen in elderly patients, 16 and that (2) in most of the patients only one side of the nose is aVected such that olfactory function is maintained by the contralateral side. 17 18 Thus, lateralised anosmia is extremely diYcult to detect during routine clinical examinations in patients in whom it is the only neurological symptom before the tumour becomes large enough to aVect other structures. 8 In our series we had four patients who were bilaterally normosmic; one patient was normosmic on the side contralateral to the meningioma. In all these patients presence of an olfactory meningioma had not been suspected. The diagnosis was made on the basis of MRI which had been performed by coincidence and not as a consequence of olfactory evaluation.
To detect an olfactory meningioma, lateralised testing of olfactory function seems to be necessary. From the 12 patients investigated three had asymmetric test results, which should lead to further investigations including MRI or CT -given that there is no intranasal pathology which might explain lateralised dysfunction. Specifically, based on data provided by Klimek et al 17 a clinically significant diVerence in olfac- tory function can be assumed if the diVerence in TDI score between the left and right side is 6 or more-which was the case in all three patients with lateralised dysfunction. Size of the meningioma seems to be a major factor in post-operative olfactory function contralateral to the side where the meningioma probably originated. The surgical approach also has to be taken into consideration. Using a pterional approach in 11 cases of olfactory meningiomas, Hassler and Zentner 19 were able to preserve the contralateral olfactory tract with good function in two cases. Unfortunately they did not report olfactory function ipsilateral to the tumour. In extension of the previous findings by Hassler and Zentner, the present work also indicated that ipsilateral anosmia was present even when it was possible to anatomically preserve olfactory bulbs and tracts ipsilateral to the tumour.
Explanations for olfactory loss may relate to diminished blood supply after surgery, 20 or functional lesions due to intrasurgical movement of the olfactory bulbs and tracts. In addition, size of the tumour certainly plays a part in postoperative mortality. Although this appears to be a complex, multifactorial issue both size of the tumour and duration of the operation are key factors in postoperative outcome. 21 In our series one patient died within 24 hours postoperatively, directly related to the operation; here, the tumour was very large (5×5×4.5 cm) and surgery lasted for about 8 hours.
On the side contralateral to the tumour preservation of olfactory function was possible in three patients, in whom the tumour was smaller than 3 cm in diameter and preoperative normosmia had been established on both sides. Postoperatively, these patients were tested normosmic, which definitively will contribute to their quality of life. 22 Interestingly, our findings also indicated that even bilateral normosmia does not rule out the presence of a meningioma of less than 3 cm diameter in size. Although it can be assumed that the tumour is too small to have an impact on olfactory function, this also suggests that it is extremely diYcult to detect the presence of small olfactory meningiomas on the basis of olfactory function tests or clinical symptoms related to olfactory loss.
In conclusion, the present data indicated the following: (1) contrary to expectations, olfactory testing seems to be of little help in detecting olfactory meningiomas. This may be the case even when olfactory function is assessed separately for each nostril using relatively complex procedures. Specifically, olfactory loss was not present for smaller olfactory meningiomas. In addition, even with larger meningiomas patients did not report decreased olfactory function which was consistent with normal olfactory function contralateral to the tumour. ( 2) The likelihood of normal postoperative olfactory function contralateral to the tumour was high when the tumour was less than 3 cm in diameter and preoperative normosmia had been established. (3) Preservation of olfactory function ipsilateral to the tumour seems to be extremely diYcult, irrespective of tumour size or surgical approach.
